Background: Contact lens-induced papillary conjunctivitis (CLPC) continues to be a major cause of dropout during extended wear of contact lenses. This retrospective study explores risk factors for the development of CLPC during extended wear of silicone hydrogel lenses. Methods: Data from 205 subjects enrolled in the Longitudinal Analysis of Silicone Hydrogel Contact Lens study wearing lotrafilcon A silicone hydrogel lenses for up to 30 days of continuous wear were used to determine risk factors for CLPC in this secondary analysis of the main cohort. The main covariates of interest included substantial lens-associated bacterial bioburden and topographically determined lens base curve-tocornea fitting relationships. Additional covariates of interest included history of adverse events, time of year, race, education level, gender, and other subject demographics. Statistical analyses included univariate logistic regression to assess the impact of potential risk factors on the binary CLPC outcome and Cox proportional hazards regression to describe the impact of those factors on time-to-CLPC diagnosis. Results: Across 12 months of follow-up, 52 subjects (25%) experienced CLPC. No associations were found between the CLPC development and the presence of bacterial bioburden, lens-to-cornea fitting relationships, history of adverse events, gender, or race. Contact lens-induced papillary conjunctivitis development followed the same seasonal trends as the local peaks in environmental allergens. Conclusions: Lens fit and biodeposits, in the form of lens-associated bacterial bioburden, were not associated with the development of CLPC during extended wear with lotrafilcon A silicone hydrogel lenses.
C ontact lens-induced papillary conjunctivitis (CLPC) was first reported by Spring in 1974. 1 The incidence of CLPC varies greatly by lens type and wearing modality and has been reported anywhere from 1.5% to 47.5%. 2 The incidence dropped from 36% to 4.5% in a retrospective study performed by Porazinski and Donshik 3 by refitting patients who were replacing lenses more than every 4 weeks with lenses replaced every 1 day to 3 weeks. With the increased use of silicone hydrogel lenses for extended wear, 4 there has been an increase in inflammatory reactions in the eye, including CLPC. 2, 5 The proinflammatory changes that occur on the ocular surface when wearing extended wear lenses are secondary to tear stagnation, localized pressure, and a closed eye environment producing a subclinical inflammatory state coupled with frictional rubbing of the lens on the upper palpebral conjunctiva. 2 Contact lens dropout related to discomfort has received attention in the recent literature. 6, 7 During daily and extended wear, one of the leading causes of discomfort and discontinuation is CLPC. 4, 6 Contact lens-induced papillary conjunctivitis does not cause permanent damage but leads to increased lens movement and awareness, itching, and mucous discharge and may require the patient to discontinue contact lens wear until the condition clears.
Contact lens-induced papillary conjunctivitis can present as a local reaction or a generalized state where papillae are enlarged and spread across the entire palpebral conjunctiva. 2, 8 Local CLPC is defined when the papillae are confined to at most two sections of the upper tarsal plate. Although it is unclear what causes CLPC, it has been hypothesized that local CLPC is caused by mechanical trauma, whereas general CLPC is caused by an immunological response to biodeposits that accumulate on patients' contact lenses. 4, 8 Local papillae have been found to develop in an area of protruding sutures or corneal ulcers [8] [9] [10] or in response to the lens' edge 2 rubbing against the upper palpebral conjunctiva indicating that constant contact with a stimulus can cause such localized response. Silicone hydrogel lenses that have a higher modulus of elasticity compared with their low Dk counterparts are believed to contribute to such mechanical trauma associated with local CLPC. 2, 11, 12 Alternatively, Skotnitsky 2 found that patients wearing aspheric lenses seem to suffer from local CLPC less than those wearing spherical lenses because the aspheric lens better to mimics the shape of the cornea. In another study, Skotnitsky 9 also noted that contact lens wearers suffering from allergies are more prone to develop general CLPC during allergy season because of the involvement of type 1 hypersensitivity, and Zhao et al. 13 discovered a higher level of IgE present in the tears of patients diagnosed with CLPC. Biodeposits with exposure of the upper lid to allergens that are found on the contact lens surface could be the initiating factor, and as a result, a CLPC immunologic or hypersensitivity reaction occurs. 4 In fact, in the days of thermal disinfection, general CLPC was believed to be related to denatured proteins on the lens surface secondary to the heat disinfection process.
The Longitudinal Analysis of Silicone Hydrogel (LASH) Contact Lens study was a prospective cohort study that included 205 subjects wearing lotrafilcon A lenses for up to 30 days of continuous wear and followed for 12 months. The most common reason for dropout from the study was the development of CLPC. Bacterial lens contamination was found to be associated with a fourfold to eightfold increase in risk for the development of corneal inflammatory events. 14 Contact lens bacterial bioburden may be considered one form of a biodeposit that leads to a clinically evident or subclinical inflammatory response on the ocular surface. Currently, there is no published literature exploring the potential connection between bioburden and CLPC, yet the link is biologically plausible. Additionally, in previous studies, the lens-to-cornea fitting relationship as a risk factor for CLPC has not been explored in detail. The LASH Study assessed corneal topography and lens microbial contamination in detail, and thus, this cohort affords an opportunity to study these risk factors for CLPC development during continuous wear of SH lens. Therefore, in this analysis, topographically determined lens fitting relationships and bacterial lens contamination are the primary covariates assessed for an association with CLPC.
METHODS
This study is a secondary analysis of data from the LASH Study. The LASH Study was a prospective cohort study of subjects fit to the lotrafilcon A silicone hydrogel lens (Ciba Vision, Duluth, GA) for up to 29 nights or 30 consecutive days of continuous wear, with monthly disposal, and followed for 1 year. The primary outcome was the time for development of a corneal infiltrative event, and the study was powered for the primary analysis. The study was approved by the University Hospitals Case Medical Center Institutional Review Board and followed all the Tenets of the Declaration of Helsinki. The LASH Study cohort and design have been detailed elsewhere. 11, 12 In brief, healthy subjects were at least 15 years of age, with refractive errors between +6.00 to 210.00 diopters (D), minimal or no astigmatism, flat and steep keratometry readings between 39.00 and 48.00 D, and no contraindications to continuous-wear lens use. Subjects returned for visits after 1 week of extended wear, and then after 1, 4, 8, and 12 months of continuous wear. At every visit, each eye was clinically assessed through detailed slit-lamp examinations and corneal topography using the Orbscan II system (Bausch & Lomb, Rochester, NY). Each visit also included an assessment of lens fit, posterior lens debris, and front surface lens wetting and deposits. The Institute for Eye Research grading scales 15 were used for grading upper tarsal plate redness and roughness, limbal redness, bulbar redness, conjunctival staining in four peripheral corneal zones, and corneal staining in five corneal zones. At selected visits, the lids, conjunctivae, and lenses were cultured and the bioburden assessed as described previously. 14 Substantial bioburden was identified if a lens harbored any pathogenic species or higher than normal levels of commensal species as described previously. 14 Key measures at baseline for the 205 enrolled LASH subjects included demographic (Table 1 ) and clinical variables, in addition to lens neophyte status (has not worn contact lenses within the last , and an indicator of previous adverse events. Other than traditional assessments of lens movement, lag, and sag, there is no practical clinically derived method for assessing posterior tear lens thickness or edge standoff. Therefore, lens-to-ocular surfacefitting relationships were assessed by determining the topographically derived corneal best-fit sphere (BFS) compared with the lens base curve. That is, the difference between the base curve of the lens and corneal BFS was the fitting variable of interest. This was believed to be the best available surrogate for overall lens draping that could influence lid mechanics and interactions. The primary outcome, CLPC, was defined as an increase from baseline in the level of redness and/or roughness of two or more grades. Data were drawn from the eye experiencing the event of interest (CLPC) or the right eye for event-free subjects. If the subject experienced bilateral CLPC at a single visit, data from the more severely affected eye were used.
Thirty microbial contaminants were cultured. Levels of bioburden were split into four groups: no bacteria cultured (0), normal flora in expected quantities present (1), normal flora but cultured in abnormal quantities (2) , and pathologic bacteria present (3) . For the purpose of this analysis, these groups were collapsed into a dichotomous variable; groups 0 and 1 were classified as "negative bioburden," whereas groups 2 and 3 were classified as "positive bioburden." In brief, normal flora or organisms of low pathogenicity including coagulasenegative Staphylococci and Bacillus were classified as abnormal if more than 10 colony-forming units were cultured from the lens, and Corynebacterium was classified as abnormal if more than 100 colonyforming units were cultured. All other pathogenic bacteria were classified as abnormal at any degree. Bioburden data, for those affected with CLPC, were included only if the culture was performed before the CLPC diagnosis in the affected eye.
The seasonality of the diagnosis of CLPC was assessed to see whether it followed the same pattern as the environmental allergy season in Cleveland, OH. This was performed because it has been reported that a reaction to allergens is something common to those suffering from general CLPC. 8, 9 Eye-level (as opposed to person-level) statistical analyses included logistic regression models to describe the impact of Figure 1 shows the pattern of retention in the study. It describes the time course of the 52 subjects with CLPC and CLPC-related dropout over the 12-month follow-up period; other reasons for dropout have been outlined and previously published in the original LASH Study main analysis. 14 The 52 (of the 205) subjects with CLPC contributed to a gross incidence of 25%, but a cumulative unadjusted probability of experiencing CLPC (using Kaplan-Meier survival estimates) of 60.5% (95% confidence interval, 38.3%-82.7%). Six of the subjects experienced CLPC very late in the study follow-up (more than 365 days since baseline), and thus, skew the cumulative incidence proportion; if those 6 patients are removed, the Kaplan-Meier unadjusted cumulative probability of experiencing CLPC is 31.3%. Table 2 shows the breakdown of bioburden (0 for negative bioburden and 1 for positive bioburden) by location of culture and the outcome of CLPC by affected eye. Table 3 displays the univariate odds ratios for the covariates we assessed. None of the variables were significant at P=0.05. Because the main hypothesis of the study was to see whether bioburden or the lens-to-cornea fitting relationship had a significant role in the outcome of CLPC, a few multivariate logistic regression models were created exploring these effects. None of the models returned any significant associations and are therefore not presented.
RESULTS
Univariate Cox proportional hazards regression results are displayed in Table 4 . There was a trend toward significance in the hazard of developing CLPC for African Americans and neophytes. As in the logistic regression models, different multivariate Cox proportional hazard model with biologically plausible forced covariates were run, however, none of the models returned any significant associations and are therefore not presented.
Assessment of seasonality of the initial CLPC diagnoses is displayed in Figure 2 . The data do show a pattern of seasonality. The 3 common allergens in Ohio start in March (tree pollen), May (grass pollen), and August (ragweed), 16 and the Figure 2 shows an increase of CLPC diagnosis in those same months with 38.5% of those with CLPC diagnosed in those months (20 of the 52).
DISCUSSION
This secondary analysis of the LASH Study assessed whether lens fit and/or levels of bioburden are factors in the development of the inflammatory response associated with CLPC. Because this study was not designed to assess CLPC as an outcome and was a pilot analysis of the potential association, it was not powered to significantly answer this question. However, the sample size is large; and if a trend were noticed, it would warrant further research in this area. Because no trend was detected, we do not believe that there is a further need to consider lens or ocular bioburden as a factor in CLPC development.
To the best of our knowledge, we are the first to explore microbial bioburden as a potential risk factor for CLPC development, and there was sufficient reason for doing so. The impact of microorganisms on other chronic inflammatory conditions, such as atopic keratoconjunctivitis (AKC), atopic dermatitis/eczema, allergic airway inflammation, and asthma, has been explored in many other studies. For example, microorganisms have been implicated in eczematous exacerbations in atopic eczema/dermatitis syndrome (AEDS), which has been substantiated by the observed clinical One eye of each patient was assessed over time; eyes of patients with eventual CLPC, and if no CLPC was present, then the right eye was assessed.
CLPC, contact lens-induced papillary conjunctivitis; NA, not applicable; numerator in each cell, number of eyes with substantial bioburden; denominator, number of eyes where CLPC and bioburden data were available for assessment in that category. benefit of antibacterial and antimycotic treatment. 17, 18 Colonization may evoke immune responses that may trigger disease manifestations. Alternatively, toxins secreted by some organisms, such as Staphylococcus aureus, intensify inflammation as has been observed in AEDS. 19 At the ocular surface, in patients with AKC, there is a markedly high occurrence of S. aureus on the lids and conjunctiva 20 ; and in AKC patients with ulcerative blepharitis, there is a strikingly high percentage of colonization with Candida species. 21 Furthermore, enterotoxins secreted by S. aureus are involved in the pathophysiology of AKC. 22 However, it has also been postulated that some of these associations may not be causative; that is, the abnormal colonization patterns may be secondary to deficiencies of naturally occurring antibacterial agents in the affected area. 23, 24 There is a known association between allergic asthma and high household levels of total and gram-negative bacteria. 25 This response is believed to be mediated by Toll-like receptor (TLR) activation of the inflammatory cascade by the bacterial protein, flagellin. 26 Tolllike receptors are a family of evolutionarily conserved glycoprotein cell receptors that recognize microbial components known as pathogen-associated molecular patterns. They trigger the innate immune response and link innate and adaptive immunity. They recognize a wide range of exogenous and endogenous molecules including those on protozoa, viruses, and bacteria. For example, TLR-4 recognizes cell wall lipopolysaccharides on gram-negative bacteria and TLR-2 recognizes peptidoglycans of gram-positive bacteria. Toll-like receptors are expressed ubiquitously throughout tissues in the body including the cornea and the conjunctiva. Of relevance to this study, TLRs have been identified in the epithelium of healthy conjunctiva, 27 which act as defense mechanisms toward microbial agents that are in contact with the ocular surface. If the contact lens is abnormally coated with microbes, then held in contact with the ocular surface and upper tarsal conjunctiva (as is it during 30-day continuous wear), the TLR response may be upregulated resulting in an inflammatory papillary reaction visualized as CLPC. In this regard, Bonini et al. have shown an overexpression of TLR-4 mRNA and protein in the conjunctiva of patients with vernal keratoconjunctivitis. Furthermore, TLR activation has been shown to contribute to allergic airway inflammation through microbial stimulation, 28 and at the ocular surface, S. aureus accelerates experimental allergic conjunctivitis in a TLR-2-dependant manner. 29 Therefore, lensassociated bioburden, in the presence of TLRs in the conjunctival epithelium, may be responsible in part for the development of CLPC.
Despite the strong evidence that microbial stimulation of TLRs, found in conjunctival epithelium, activate other allergic conditions, we were not able to demonstrate an association, or even a trend, between lens-associated bioburden and CLPC during contact lens continuous wear. These data agree in part with others who have explored microbial colonization of lid margins and chronic allergic conjunctivitis and found no association. 30 Other factors likely play a larger role than bacterial stimulation of the immune response and may lend more credibility to the denatured protein or mechanical stimulation hypotheses in atopic individuals. Atopy has been suspected as a causative factor in the development of CLPC. 4, 9 Using graphical models, seasonality was assessed for the month that CLPC was diagnosed to see whether there was a pattern of CLPC presenting itself during allergy season. Atopic-related CLPC is expected to be more of the general type. Only three subjects experienced "general" CLPC in this study; and therefore, looking only at this subgroup is not productive. Nonetheless, looking at the sample of all 52 CLPC subjects, a possible upsurge in CLPC was noted in the spring and summer months. In Ohio, environmental allergens can be experienced year-round. The most common to the area are tree pollen (March-June), grass pollen (May-July), and Ragweed (August-October). 16 Our attempt to isolate a mechanical effect on CLPC was by surveying the difference between the BFS of the corneal surface and the lens base curve as a variable predicting CLPC. Because the lotrafilcon A lens studied was nonaspheric and had the highest modulus of elasticity of any silicone hydrogel lens, and these variables have been associated with mechanically induced CLPC, 2, 11, 12 there was rationale to assess some sort of soft lens fitting parameter in this study. This may be an overly simplistic way to determine a variable mechanical effect among subjects and may not have provided a relevant measure of an "edge-effect" that is believed to influence CLPC. Future studies in this area should use other imaging technology, such as anterior segment optical coherence tomography, to quantify conjunctival lens edge standoff as a variable that may be associated with CLPC development.
